To gain an insight into the genetic events underlying morphological phenotypes, we analysed 58 gastric carcinoma tissues for the genome-wide allelotype study using microsatellite markers. Based on a binomial distribution, loss of heterozygosity (LOH) that was signi®cantly more frequent than expected (P50.05) thus interpreted as nonrandom LOH selected during tumorigenesis. The overall extent of chromosomes undergoing LOH i.e. fractional allelic loss (FAL, the ratio of LOHpositive markers to the total number of informative markers) was measured in each tumor patient. Nonrandom LOH was found on 17p (48.0%), 18q (38.4%), 13q (38.1%) and 9p (36.4%). Overall, there were no signi®cant phenotypes correlated with allelic loss on speci®c chromosome regions. Based on a bimodal distribution of FAL values with two peaks bordered by a mean of 0.233, tumors were classi®ed into LOHrelated (40.233) and LOH-unrelated (50.233) types. Among 24 patients with LOH-related tumors, increase in the in®ltrative type of growth pattern was found to correspond with a signi®cant trend of increasing FAL values. This study shows that the growth pattern of gastric carcinoma is correlated with FAL, suggesting that a malignant phenotype is in¯uenced by LOH event.
To gain an insight into the genetic events underlying morphological phenotypes, we analysed 58 gastric carcinoma tissues for the genome-wide allelotype study using microsatellite markers. Based on a binomial distribution, loss of heterozygosity (LOH) that was signi®cantly more frequent than expected (P50.05) thus interpreted as nonrandom LOH selected during tumorigenesis. The overall extent of chromosomes undergoing LOH i.e. fractional allelic loss (FAL, the ratio of LOHpositive markers to the total number of informative markers) was measured in each tumor patient. Nonrandom LOH was found on 17p (48.0%), 18q (38.4%), 13q (38.1%) and 9p (36.4%). Overall, there were no signi®cant phenotypes correlated with allelic loss on speci®c chromosome regions. Based on a bimodal distribution of FAL values with two peaks bordered by a mean of 0.233, tumors were classi®ed into LOHrelated (40.233) and types. Among 24 patients with LOH-related tumors, increase in the in®ltrative type of growth pattern was found to correspond with a signi®cant trend of increasing FAL values. This study shows that the growth pattern of gastric carcinoma is correlated with FAL, suggesting that a malignant phenotype is in¯uenced by LOH event.
Keywords: gastric carcinoma; fractional allelic loss; loss of heterozygosity; growth pattern Unlike in normal cells, diverse genetic changes such as loss of heterozygosity (LOH) and point mutations are commonly observed in tumor cell genomes. In solid tumors, LOH is more frequently detected on the chromosome arms containing cancer-related gene(s) than it is on other arms; this nonrandom LOH indicates that functional inactivation of the genes may represent additional steps in tumor progression (reviewed in Weinberg, 1991) . LOH studies using a number of dierent chromosomal markers have indeed made possible the construction of chromosomal maps on important tumor suppressor genes. Gastric tumors have also demonstrated frequent allelic loss on the cancer-associated arms (reviewed in Tahara, 1993) . Thus, chromosomal deletions involving tumor suppressor genes are considered to be an eective trigger of gastric carcinogenesis.
Histopathologically, gastric adenocarcinoma can be subdivided into intestinal and diuse types (Lauren, 1965) . Most intestinal-type gastric carcinomas are usually located in the distal stomach, forming a glandular structure as colonic carcinoma. The diuse type invades the stomach, especially the cardia, without forming well-de®ned structures. In terms of growth pattern, gastric carcinoma demonstrates two distinct features; expanding and in®ltrative (Ming, 1977) . The expanding type becomes enlarged en masse, thus pushing the surrounding tissues aside, while the in®ltrative one penetrates diusely into the gastric wall. These main types of gastric carcinoma have been thought to re¯ect dierent etiologic agents and biological behavior (reviewed in Fuchs and Mayer, 1995) .
Although LOH studies have provided the means to investigate the role of tumor suppressor genes in relation to distinct types of gastric carcinoma, there is still a disagreement amongst the studies done. For example, LOH on chromosome 1q, 5q and 18q was frequently detected in well-dierentiated cancers but was found to be relatively rare in poorly-dierentiated types (reviewed in Tahara, 1993) . On the other hand, a dierent study (Mckie et al., 1993) showed that chromosomal deletion on 5q was dominant in the diuse type. Furthermore, Cho et al. (1996) reported that LOH involving APC (5q), DCC (18q), and RB (13q) genes showed no correlation with the histologic types. Until recently, genome-wide allelotype which analyses the frequency and extent of lost regions in all autosomal arms had been obtained by using a small number of RFLP markers. Due to the biallelic polymorphism of markers used, this procedure provides only limited information on chromosomal deletion. Therefore, we performed a genome-wide LOH study on 58 gastric carcinoma tissues using highly polymorphic microsatellite markers.
Genome-wide LOH analysis involving chromosome 1-22 was performed by PCR with 52 microsatellite primer pairs that included at least one marker for each chromosome arm (Table 1) . The sequences and their corresponding locations on the chromosomes were obtained from the Genome Data Base. The polymorphic markers were selected to represent all autosomal chromosomes, some of which have been involved in nonrandom LOH or linked to tumor suppressor gene loci. The intensities of the alleles were assessed by both visual analysis and the usage of densitometer. LOH was scored if the intensity ratio of the two alleles from tumor DNA diered by at least twofold in comparison with that of two alleles from normal DNA. Being consistent with the occurrence of allelic loss, most LOH cases demonstrated that the intensity ratio of two alleles in tumor DNA was considerably higher compared to that involving normal DNA (Figure 1 ).
Although LOH event is widely accepted as the loss of genetic material resulting in the retention of only one allele in tumor tissue, a¯uorescence in situ hybridization technique has shown that LOH can also take place due to gene conversion leading to two homologous alleles (Xia et al., 1994) . Alternatively, two types of allelic imbalance may be considered: allelic gain which is suspected to be inherent alterations of simple repeat sequences; and heterogenous subpopulations composed of ones with LOH and ones without LOH. Both types of allelic imbalance would reveal incomplete LOH. To be certain that nonrandom LOH represents the presence of DNA loss aecting tumor suppressor gene(s), several¯anking microsatellite markers were additionally used to examine chromosomal deletion on known cancer-associated arms (Table 1) . Most nonrandom LOH (51 of 59, 86.4%) was observed consecutively at¯anking markers, re¯ecting extensive DNA loss encompassing tumor suppressor genes. Thus, it is plausible that LOH was interpreted as the loss of genetic material in the present study LOH interpretation was not possible in 12 cases due to the widespread microsatellite instability resulting from the occurrence of novel alleles throughout the markers used. Of 46 samples excluding the cases with the widespread instability, 42 (91.3%) demonstrated LOH at one or more microsatellite loci while the remaining four (8.7%) cases showed no LOH. The frequencies of LOH at dierent chromosomal loci varied from 0% to 55.3% (Table 1) . Although high levels of LOH occur in the regions of tumor suppressor genes, nonspeci®c LOH is also seen throughout the cancer genome in frequencies corresponding to a binomial distribution with a speci®c mean value (Barrett et al., 1996) . Using a binomial regression model, statistical tests were performed and the frequency of nonspeci®c LOH was estimated. Of observed LOH, frequencies that were signi®cantly higher than expected (P50.05) were interpreted as nonrandom LOH selected during tumorigenesis. Among the 52 loci tested, alleles on 17p were most frequently lost indicating nonrandom LOH, while both arms of chromosome 8 were rarely deleted. Based on a binomial distribution with a mean value of 0.233, potentially causative genetic alterations for tumorigenesis could be distinguished from random events. With 95% con®dence interval, nonrandom LOH was found on 17p (48%), 18q (38.4%), 13q (38.1%) and 9p (36.4%). Overall, there were no signi®cant phenotypes correlated with allelic loss on speci®c chromosome regions.
Most patients with multiple nonrandom LOH on the four cancer-associated chromosome arms also exhibited high levels of fractional allelic loss (FAL, the ratio of LOH-positive markers to the total number of informative markers). In each tumor patient, the FAL values that indicate the overall extent of chromosomes undergoing LOH, varied from 0 to 0.641 with a mean of 0.233. As shown in Figure 2 , levels of FAL in this series of tumors demonstrated a bimodal distribution with two peaks, one at high and the other at low FAL values. Such distribution pattern of FAL values allows the tumors to be grouped into two classes bordered by a mean FAL of 0.233. Similarly, genome-wide studies of breast carcinoma (Kerangueven et al., 1997) and rhabdomyosarcoma (Visser et al., 1997 ) using a number of microsatellite markers have also demonstrated a tendency to group according to the level of FAL. Taking into account a wide range of FAL, the progression of tumors with high FAL would mainly be driven by chromosomal deletion and, therefore, its morphologic phenotype is likely to be dependent on the extent or the site of LOH events. On the other hand, the major tumorigenicity with low FAL was more likely imposed upon by other genetic or epigenetic alterations than chromosomal deletion.
To analyse a phenotypic implication of FAL, gastric carcinomas were classi®ed into LOH-related (4mean value) and LOH-unrelated types (5mean value). Twenty-four patients with FAL value above the mean MYCL1  D1S547  D2S1363  D2S1334  D2S122  D3S1611  D3S1619  D3S2406  D3S1216  D4S174  D4S1652  D5S208  D5S299  D5S409  D6S105  D6S310  D7S1830  D7S1805  D8S87  D8S198  D9S162  D9S165  D9S171  IFNa  D9S53  D10S197  D10S469  D11S861  D11S897  VWF  D12S375  D13S119  D13S133  D13S135  D14S306  CYP19  D16S403  D16S398  D17S796  D17S786  TP53  D17S791  DCC  D18S70  D18S386  D19S177  D19S416  D20S481  D20S17  D21S411  D21S258  D22S264   1p32 1pter-1qter 2pter-2qter 2pter-2qter 2q21-q33 3p24. of 0.233 were analysed for the existence of a correlation between LOH event and a morphologic phenotype. Among these 24 patients, FAL value tended to increase together with an increase in the in®ltrative type of growth pattern ( Table 2 ). The dierence in the mean FAL value between the in®ltrative (0.472) and expanding (0.288) types was found to be statistically signi®cant (P=0.001) ( Figure  3 ). Complete allelic loss was rarely observed re¯ecting the presence of normal cells in microdissected tumor areas. However, it is unlikely that the relatively lower FAL value found in the expanding type compared to that in the in®ltrative one is due to relatively high normal cell contamination, since the former is usually more easily distinguished from the surrounding normal tissue than the later one (Figure 1 ). Considering the correlation between the FAL value and the growth pattern of gastric carcinoma, the extent of DNA loss on cancer-associated chromosomal regions appears to underlie cellular growth behavior. Interestingly, patient 106 with early carcinoma showed the highest FAL value and multiple nonrandom LOH (Table 2) . This sample suggests the overall extent of chromosomes undergoing LOH is unrelated to the size and duration A B Figure 1 Representative examples of LOH detected (a) in patient 107 with in®ltrative gastric carcinoma and (b) patient 71 with expanding gastric carcinoma (original magni®cation;6100). Adjacent tumor and normal tissues were obtained from ethanol-®xed paran-embedded surgical sections. To reduce the possibility of genetic abnormalities in tumor cells being compromised by the presence of normal stromal cells and in¯ammatory cells, the neoplastic areas were selected microscopically and were scraped o using hematoxylin/eosin-stained sections as reference. This microdissection procedure produced 460% purity of tumor cell populations. Microdissected tissues were incubated overnight at 378C in sodium dodecyl sulfate-proteinase K lytic solution and were extracted afterwards with phenol-chloroform. The polymorphic markers in matched normal (N) and tumor (T) DNAs were analysed by PCR with microsatellite primers. PCR was performed using 1 m Ci of 32 P-labelled dCTP incorporated into a 10 ml of reaction mixture. Thirty two cycles of PCR were done under the conditions provided in order of 958C for 50 s, 50 ± 588C for 50 s and 728C for 60 s. PCR products were denatured in 95% formamide, electrophoresed on denaturing polyacrylamide gels and then visualized by autoradiography. The in®ltrative type tumor shows LOH on four chromosome arms, 9p (D9S162, IFNa), 13q (D13S133, D13S135), 17p (D17S796, TP53) and 18q (DCC, D18S386), whereas the expanding type shows LOH on two chromosome arms, 9p (D9S162, IFNa), 17p (D17S796, D17S786) of the tumor. There is no correlation between levels of FAL and other pathological ®ndings.
LOH of chromosome 5q was somewhat less frequent than that of the four cancer-associated arms. The polymorphic markers intragenic to APC tumor suppressor gene in the previous studies also exhibited similar LOH frequencies (30-34%) to the present data (Rhyu et al., 1994; Cho et al., 1996) , indicative of borderline-level frequency between random and nonrandom events. The present data on allelotype of gastric carcinoma is comparable with that of colorectal and esophageal cancers (Fearon and Vogelstein, 1990; Barrett et al., 1996) . For example, four nonrandom The genome-wide LOH study was performed on 58 gastric carcinoma tissues. None of the cases chosen for this study had any family histories of gastric cancer and were subjected to chemotherapy or radiotherapy prior to surgery. Of 46 samples excluding 12 cases with widespread microsatellite instability, 24 patients with high FAL value above 0.233 were classi®ed into a group of LOH-related tumors. Histologic types were dertermined independently by two pathologists (K-Y L and K-M K) according to the criteria of Lauren, Ming, and the World Health Organization. LOHs in colorectal cancers have been observed on 5q, 8p 17p and 18q and the background rate of LOH on 13q. Esophageal cancers demonstrated four nonrandom LOHs on 5q, 9p, 13q and 17p and somewhat less frequent LOH on 18q. Such common allelotype ®ndings suggest the presence of a common genetic pathway shared by these three gastrointestinal cancers.
However, there is little evidence regarding the oncogenic potential of the concurrent multilocus chromosomal events. In this study, the majority of the LOH cases had concurrent allelic losses aecting two or more of the three cell cycle-related genetic loci such as p16 INK4A on 9p (Kamb et al., 1994) ; p53 on 17p (Baker et al., 1989) ; and RB on 13q (Friend et al., 1986) . Of these cell cycle regulators, both p16
INK4A and RB proteins constitute a single inhibitory pathway acting on transition from G1 to S phases (Lukas et al., 1995) . The p53 tumor suppressor negatively regulates the cell cycle through p21 protein which composes another pathway as a cyclin-CDK inhibitor acting at the G1 checkpoint (El-Deiry et al., 1993; Harper et al., 1993) . It is therefore likely that combined allelic losses on chromosomal regions aecting both p53 and p16
INK4A
-RB pathways have a potentiating eect on the development of gastric carcinoma. Moreover, recent studies have identi®ed that there are additional tumor suppressor genes in the chromosomal regions, p15 INK4B mapping to 9p21 (Kamb et al., 1994) , BRCA2
mapping to 13q12-13 (Wooster et al., 1994) , and OVCA1 and OVCA2 mapping to 17p13.3 (Schultz et al., 1996) . Because each allelic loss on those chromosomes involves an extensive region on one copy of a pair, multiple nonrandom chromosomal loss possibly aects a signi®cant number of cancer-related genes to develop neoplastic transformation. Because of varying structures composed of many dierent cell types, gastric carcinomas have been classi®ed in various manners according to the gross and microscopic ®ndings. The growth pattern was introduced to correlate the morphological complexity with clinical features, and this classi®cation is widely used to date. Analyses from clinical trials have revealed that patients with in®ltrative gastric carcinoma often show worse survival rate than those with expanding gastric carcinoma (Ming, 1977) . In®ltrative gastric carcinoma in this study was closely associated with high levels of FAL. These results suggest that chromosomal deletion can exert an in¯uence on the clinical outcome as part of a genotype underlying the growth pattern of gastric carcinoma.
